Abstract-The electrochemical behavior of Galantamine (Gal) in aqueous media has been examined by cyclic and differential pulse voltammetry. The voltammograms were recorded with µA utolab FRA2 Potentiostat-Galvanostat. A three-electrode system was used with a glassy carbon as working electrode, a platinum rod as the counter electrode and an Ag/AgCl as the reference electrode. All tests were carried out under room temperature and N 2 atmosphere. The pH strongly affects the peak potential of Gal. The best analytical response was obtained at pH 2.0. The cathodic peak currents were proportional to Gal concentrations in the range of 0.1-10 mM under the optimized experimental conditions. The detection limit was 0.02 mM. The effect of potential scan rate on the peak potential and peak current of Gal was investigated. The correlation of the peak currents against v 1/2 (v is the scan rate) is linear, which is very similar to a diffusioncontrolled process. Proposed method applied to analysis of commercial tablets, successfully.
INTRODUCTION
Galantamine (Gal) (Fig. 1) is an alkaloid that occurs naturally in various plant species of Galanthus and Narcissus [1] . Its IUPAC name is "4a,5,9,10,11,12-hexahydro-3-methoxy-11-methyl-6H-benzofuro [3a,3,2-ef] benzazepin-6-ol" and several publications have reported the syntheses of (-)-galantamine and of racemic galantamine [2, 3, 4] . Galantamine hydrobromide is an acetylcholinesterase (AChE) inhibitor that is used to moderate and delay the manifestation of Alzheimer's disease (AD) symptoms.
Galantamine, commercially available as Razadyne, galantamine hydrobromide, is the most recently approved AChE inhibitor in Europe by the European registration bureau and in the USA by the FDA for the symptomatic treatment of AD [5] .
So far, several analytical methods for the determination of pharmaceutical mixtures including voltammetry [6] , HPLC [7] [8] [9] [10] , spectrofluorimetry [11] , spectrophotometry [12] , capillary electrophoresis [13, 14] , Flow-injection analysis [15] [16] [17] , gas chromatography/mass spectrometry [18] , thin-layer chromatography/fluorescence detection [19] , ion exchange chromatography [20] , amperometric determination [21] , Far-IR absorption and reflection spectra [22] , ion chromatography [23] , cyclic voltammetry [24] and liquid chromatography with fluorescence detection [25] had been reported.
Standard analytical methods for galanthamine and other acetylcholinesterase inhibitors that combine, HPLC, on-line coupled UV, MS, and biochemical detection has been published [26] .
Electrochemical analytic technique is an attractive method due to simplicity, rapidity, low expense, high sensitivity and possibility of miniaturization. Construction of electrochemical sensors continues to be an area of great interest and a relatively large amount of electrochemical research has been devoted to the development and application of these sensors for the analysis of biologically active compounds [25, [27] [28] [29] . Anal. Bioanal. Electrochem., Vol. 5, No. 2, 2013, 255 -264 We assess in this work the benefit of the electroanalytical technique for galantamine determination in order to introducing the new alternative standard method, via analysis of the pharmaceutical samples of the Gal. Recently, the extent of reports regarding Gal determination has significantly increased, and therefore, an efficient alternative method may be of interest.
EXPERIMENTAL

Chemicals and reagents
All reagents were of analytical grade (Fluka or Merck). All solutions were prepared with double-distilled water. Stock solutions of Gal were freshly prepared as required at the desired pH (1.0-13.0) and purged with pure nitrogen gas (99.999%) for 5 min before the voltammetric measurements. During the experiments, nitrogen gas was passed over the surface of test solutions in order to avoid entrance of oxygen into the solution.
Apparatus
The voltammograms were recorded with µA utolab FRA2 Potentiostat-Galvanostat. A three-electrode system was used with glassy carbon electrode (GC ROD 2 mm/76 mm) as working, a platinum rod as the counter and an Ag/AgCl as the reference electrode (Autolab comp.). All tests were carried out under room temperature. A digital pH meter (Jenway 370) was applied for pH adjustment.
RESULTS AND DISCUSSION
Voltammetric studies on Gal
In this work, glassy carbon was tested as working electrode. As shown in 
Effect of solution pH
The effect of pH of the Gal solution (2.0 mM) on the electrode potential was investigated. The electrochemical behavior of the Gal was studied in a large pH range between 1.0 and 13.0. The pH value was adjusted gradually using NaOH or HCl. When the pH value was lower or upper than 2.0, the cathodic peak current of Gal would decrease and peak potentials shift toward positive and negative direction, respectively.
Therefore, the results indicate that a solution at pH 2.0 could be chosen for further studies. 
Influence of scan rate
The effect of potential scan rate between 25 and 400 mV s leads to decreasing the peak currents for Gal. This is evidence that the kinetic of electron transfer on the electrode surface is not sufficiently fast as consequence of the nature of the matrix whose internal resistance is considerable. For scan rates higher than 400 mV s Table 1 summarizes the effect of the different supporting electrolytes on the peak current and potential of Gal at optimized condition. Accumulative data show that any noticeable changes in wave parameters including peak current and potential. Therefore, KCl was used in further tests. 
Effect of supporting electrolyte
Calibration curve and repeatability
After optimizing the operating conditions for the working electrode, cyclic voltammetric measurements were carried out in solutions containing different Gal a f concentrations in the range of 0.01-35 mM (Fig. 6) . The electrode has a linear dynamic range 0.1-10 mM, with R 2 =0.9959 and a detection limit of 0.02 mM (three times the standard deviation of the blank/slope). The repeatability of the voltammetric measurements was evaluated making five successive cyclic voltammograms of the working electrode at optimized conditions. A Gal concentration level of 3.0 mM was selected to examine the repeatability of the voltammetric sensor. For this study, relative standard deviation was 2.2%, indicating that the electrode presents good stability and repeatability, within a confidence level of 95%. The proposed method used for assay of Gal in commercial tablets produced by Sobhandarou pharmaceutical company ( 
CONCLUSION
The proposed method describes a rapid method for the Gal assay without tedious steps that are necessary in chromatographic standard methods. Hence, it can be recommended for the routine quality control of the studied drug either in bulk or in pharmaceutical formulations. The proposed method was based on the reduction of Gal by appropriate potential at the glassy carbon electrode. The principal advantage of the proposed method is its simplicity and rapidity. The proposed method offers advantages in that only a small amount of drug or dosage formulations are required for analysis. 
